More than sixty years have passed since Lauren V. Ackerman Wrst used the term "verrucous carcinoma" in 1948 [1] . This tumor is an unusual and indolent highly diVerentiated variant of squamous cell carcinoma. Currently, it is referred as a distinct clinicopathologic entity characterized by a favorable prognosis. Verrucous carcinoma is characterized by a high index of clinical suspicion of malignancy, but with a benign histological appearance and no tendency to metastasize neither into the regional lymphatics nor distant sites; it represents a unique diagnostic and therapeutic challenge [2] .
Historically, surgery is advocated as the treatment of choice. Operative treatment should not include neck dissection, even though enlarged and tender lymph nodes may be palpated. In fact, histological examination of these lymph nodes has revealed only an inXammatory reaction. Patients receiving initial treatment with surgery enjoyed better survivals than did those treated with irradiation, especially for cases originating in the oral cavity, as suggested by the National Cancer Database records of 2,350 cases of verrucous carcinoma of the head and neck [3] .
When deciding between treatment options, a favorable prognosis of verrucous carcinoma dictates two imperatives: the cure of cancer and the preservation of function and/or cosmetic appearance of the treated organ/region. As being local disease, the gold standard of treatment for verrucous carcinoma is surgery assuring high rates of permanent tumor control. However, surgery is limited to the medically Wt patients with an operable disease. In locally advanced tumors with locally destructive pattern of growth, often diagnosed in elderly patients, or in tumors extending to neighboring structures more mutilating surgical procedures are necessary or surgery is not an option any more. In such cases, radiotherapy-although being less eVective than surgery-is usually considered as a reasonable alternative [2, 3] . Recently, the concept of anaplastic transformation after treatment with irradiation, which reasoned many authors into avoiding radiotherapy in the past, was seriously challenged, and the opinion prevailed that it should not aVect the decision for this treatment approach. In more recent radiotherapy series, none of the patients with verrucous carcinoma that recurred after radiotherapy had features of anaplastic transformation. It would seem much more probable that the occurrence of a less diVerentiated lesion after the irradiation of verrucous carcinoma primarily evidences the foci of squamous cell carcinoma that were missed at the initial biopsy [4] .
Thus, what therapy might have the potential for preserving the eVectiveness of surgery and, at the same time, keeping the organ-sparing capacity of irradiation? One of the strategies introduces chemotherapeutics, either as an upfront modality aimed at reducing the tumor size before surgery or in combination with radiotherapy. However, experience with chemotherapy in verrucous carcinoma is scarce, limited to small series and case reports. As in conventional squamous cell carcinomas [5] , concomitant chemoradiation was found highly eVective and appears to compete favorably with surgery as a preferred treatment modality. According to Strojan et al. [6] , after a median follow-up time of 3.4 years, intravenous chemoradiotherapy with vinblastine, methotrexate, and bleomycin resulted in permanent local control in 11 out of 12 patients with verrucous carcinoma, 9 of whom had advanced T3 or T4 tumors. The concomitant administration of chemotherapy seemed to compensate successfully suboptimal eVectiveness of irradiation in verrucous carcinoma and allowed safe reduction of irradiation dose below standard 66-70 Gy in the majority of patients. Protracted RTOG grade ¸3 mucositis developed in all patients asking for a temporary treatment interruption in 4/10 patients with the continuous course of irradiation, thereby limiting the number of chemotherapy cycles to 2 in all these patients [6] . The concept of synergistic eVect of chemotherapeutics and irradiation in verrucous carcinoma was sporadically conWrmed also by others using a wide variety of systemic drugs [7, 8] .
Durable tumor control or even cure after chemotherapy alone was also reported. As early as in 1989, following sporadic observations reported in the literature in a case report form only, Auersperg et al. [9] published their experience in a series of 8 cases with verrucous carcinoma (all but 2 sited in the head and neck region) treated primarily with upfront chemotherapy, followed in some of them by surgery (in 4 patients) or irradiation (in 1 patient). After intravenous application of 3-to 4-drug combination chemotherapy (i.e. vinblastine, methotrexate, bleomycin, 5-Xuorouracil) in all but 2 instances (in 2 patients drugs were infused via intraarterial route), complete response was described in 6 cases. Two out of 3 patients treated solely with multiagent chemotherapy were found free of malignant disease at 2.5 and 8+ years following the therapy, whereas in the third patient, who was subsequently operated on, no residual disease was found on histopathological examination of the resected specimen. The disease outcome in other 5 patients was as follows: 2 patients (both had surgical resection; 1 of the 2 received also adjuvant chemotherapy) were alive with no evidence of disease at 8+ and 11+ years of follow-up; 2 patients experienced disease reappearance that was successfully salvaged with surgery in 1 of them; the patient with cervical verrucous carcinoma died 8 months after the beginning of chemotherapy of respiratory distress with only microscopic residual disease. In this patient, pulmonary Wbrosis was found at autopsy. No other major toxic side eVects of applied therapy were reported [9] .
Recently, an extremely encouraging experience was described by Wu et al. [10] from Kaohsiung Medical University, Taiwan, using intraarterial route for methotrexate application. In a series of 15 patients with oral verrucous carcinoma, the largest described in the literature using chemotherapy as primary treatment modality up to date, 50 mg of methotrexate was infused continuously to the external carotid artery of the lesion side every 24 h using an implantable port-catheter system inserted under local anesthesia and a portable pump. Infusions were interrupted and switched to weekly intraarterial boluses of 25 mg of methotrexate after white blood cell and platelet counts dropped to <3,000 per L and 10 £ 10 4 per L, respectively. Weekly bolus applications followed until complete disappearance of the gross lesion was recorded. The mean period of continuous methotrexate infusions was 7.5 days and 10 weeks of weekly boluses. One month after treatment discontinuation, complete remission and good cosmetic and functional preservation were obtained in all 15 patients, 8 of whom had locally advanced T3 or T4 lesions. After a mean follow-up time of 42 months (range 24-69 months) they were all still alive with no recurrence of treated tumor. Therefore, the rate of local control was 100%. No catheter-related complications were recorded, whereas bone marrow and mucosal toxicity were mild and tolerable [10] . Favorable results with slightly modiWed chemotherapy regimen were reported by the same group in a smaller series of 4 patients with penile verrucous carcinoma [11] as well as in a patient with subungual [12] and lower lip verrucous carcinoma [13] .
The chemotherapeutics eVective in diVerentiated squamous cell carcinoma were used most frequently in drug combinations or as a single-agent therapy for verrucous carcinoma, i.e. methotrexate, bleomycin, vinblastine, 5-Xuorouracil and cisplatin. Oral Xuoropyrimidines, such as capecitabine and tegafur/uracil, were also prescribed for the patients with verrucous carcinoma, and were variably successful [7, 14, 15] . The choice of chemotherapy schemata was mainly empirical, derived from treating conventional squamous cell carcinoma, although experimental Wndings were also described and exploited to design most appropriate drug combination [9, 16] . As shown by the DNA measurements performed during the increased 99mTc-labeled bleomycin accumulation, a relative increase of cells in radiosensitive G 2 + M compartments and radioresistant S compartment occurred, lasting up to 50 h after the prolonged administration of vinblastine which was aimed to perturb the cellular kinetics of the tumor. This observation oVers a rationale for protracted exposure of cells after vinblastine infusion to the drugs most eVective in G 2 + M, S phases, i.e. bleomycin and methotrexate, and for combining chemotherapy with irradiation [9, 16, 17] .
Continuous drug infusion assures prolonged exposure of tumor cells to the individual agents and, usually, a more favorable toxicity proWle, which proved to be of beneWt also in verrucous carcinoma when concomitant chemoradiation protocol as described by Strojan et al. [6] was used. Theoretically, intraarterial infusion allows higher concentrations of drugs to be delivered to the tumor while minimizing systemic toxicity in comparison with intravenous infusion. The combination of intraarterial route of drug delivery with continuous infusion resulting in protracted and targeted administration of high concentration of anticancer drug to the tumor region was successfully exploited in verrucous carcinoma by Wu et al. [10] as well as by other authors in chemoradiation protocols for conventional squamous cell carcinoma [18] .
The results on the use of chemotherapy as the primary therapy of verrucous carcinoma are promising. Chemotherapy used in combination with surgery allows less extensive resections and, consequently, improved functional and cosmetic results. When combined with irradiation, chemotherapy seems to compensate successfully for deWcient eVectiveness of the former and to allow safe reduction in radiotherapy dose to alleviate its toxicity; at the same time, it preserves the advantage of organ sparing. Both of the above-listed combinations are viable options for patients with inoperable tumors or those that have refused surgery, as well as for patients that are not Wt for major surgery or in whom surgery would cause an important functional and/or cosmetic impairment. From this point, the next step forward is obviously the regimen of intraarterial application of methotrexate described by Wu et al. [10] . Complete response and cure obtained with manageable toxicity in all the treated patients, even though this number is rather low as compared to the series of more usual tumor types, should be a hallmark for all future attempts to improve treatment protocols on verrucous carcinoma.
